ARUL MISHRA and HIMANSHU MISHRA* Consumers' impulsive choices have traditionally been attributed either to contextual factors, such as product attributes and store environment, or to individual personality traits. In this article, the authors find that type of food consumed can also influence impulsive choice. Specifically, food that enhances the levels of the neurotransmitter serotonin can reduce impulsive choice. To test the hypotheses on the influence of serotonin on postconsumption impulsive choice, the authors collected data on the eve of Thanksgiving. The occasion of Thanksgiving dinner provides a naturalistic setting in which people consume a tryptophan-rich meal (tryptophan is a precursor to serotonin). The authors replicate these findings and obtain converging evidence in a lab setting in which they give some participants a tryptophan-rich beverage and observe their postconsumption impulsive choices.
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We Are What We Consume: The Influence of Food Consumption on Impulsive Choice
People's physiological states are known to influence how they behave at any specific moment. Research has shown that states such as hunger, pain, and fatigue have a profound influence on people's preferences (Loewenstein 2003) . These physiological states are extremely malleable and change within short time spans. Therefore, preferences often fluctuate as a result of transient changes in these states (Read and Van Leeuwen 1998 ). An example is hunger's role in making shoppers behave in an impulsive manner, causing them to buy things that they may later regret having purchased or causing them not to buy things that they later wish they had (Nisbett and Kanouse 1969; Read and Van Leeuwen 1998) . Research has demonstrated that one reason for the influence of physiological or visceral reactions on preferences is the action of neurotransmitters (Loewenstein 2003) . Neurotransmitters are chemicals found in the brain; their primary job is to transfer information from one neuron to another, and they play various roles in determining bodily reactions such as arousal, reward seeking, temperature maintenance and sleep (Loewenstein 2003; Manuck et al. 2003) . By influencing such physiological reactions, neurotransmitters have the potential to influence a person's preferences.
In this article, we study the influence of one type of neurotransmitter, serotonin, on consumer decisions, such as impulsive choice and impulsive responding. We propose that even among people who are satiated, the type of food they consume can have a significant influence on their preferences and behavior. We derive support for our proposition from prior work that shows that serotonin depletion or enhancement can significantly influence impulsive behavior. Research has shown that a higher level of serotonin restrains impulsive responding while a lower level leads to increased impulsivity, disinhibited behavior, impaired learning, and insensitivity to punishment cues (Cools et al. 2005; Manuck et al. 2003; Rogers et al. 2003) . Specifically, we posit that consumption of food that enhances the level of serotonin can reduce impulsive choice and impulsive responding. Note that we are not suggesting that impulsive choice is disadvantageous; we are merely comparing more versus less impulsive choice as a response to differing levels of serotonin in the brain.
In this article, we first provide a brief overview of serotonin's ability to influence behavior. Next, we discuss the literature on impulsivity, present our conceptualization based on prior research, and develop specific hypotheses.
Finally, we test the proposed hypotheses and demonstrate the marketing implications of this research with two studies, the first of which we conduct in a more naturalistic setting and the second of which we conduct in a lab setting.
THEORETICAL DEVELOPMENT AND CONCEPTUALIZATION

Serotonin and Its Influence on Behavior
Neurotransmitters are chemical substances that are integral to the transfer of information among neurons, the basic building blocks of the brain. Neurotransmission is a process through which electrical signals are converted to chemical signals. This process enables neurons to pass signals to each other, which helps the body function properly. Neurotransmitters also play a crucial role in the development and treatment of brain disorders. One particular group of neurotransmitters-the neuromodulators-consists of serotonin, dopamine, and norepinephrine, which play various roles in determining bodily reactions, such as arousal, reward seeking, temperature maintenance, and sleep (for a review, see Manuck et al. 2003) . By influencing such bodily reactions, neurotransmitters have the potential to influence a person's behavior. In this research, we focus on a specific neurotransmitter, serotonin, and its ability to influence behavior.
Serotonin, also called 5-hydroxytryptamine, or 5-HT, is a neurotransmitter synthesized from the amino acid tryptophan. The human body can get tryptophan from various food sources. Serotonin is reported to affect different behaviors, such as locomotor activity, sleep, appetite, and aggression. 1 In this article, we focus on one specific behavioral effect of serotonin: impulsive responding. Several studies associate the actions of serotonin with different types of impulsive behavior (for a review, see Manuck et al. 2003) . Behaviors linked to serotonin levels range from extreme ones, such as suicide, to several types of aggressive and antisocial behavior. Lowered levels of serotonin impair decision making by inducing a failure to process expected losses adequately; this happens because the punishment cues fail to generate the required anticipatory anxiety states that can inhibit the impulsive behavior. That is, lowered levels of serotonin weaken people's ability to integrate the aversive signal with the imminent choice (Harrison, Everitt, and Robbins 1997, 1999) . Rogers and colleagues (2003) use healthy volunteers in a gambling task with expected gains and losses and find that serotonin depletion undermined decision making by diminishing the discrimination between large and small rewards. Recent work on social relationships and reciprocal altruism finds that serotonin depletion leads to reduced cooperation in the prisoner's-dilemma paradigm and also in the ability to learn cooperative behavior (Wood et al. 2006) . A similar study shows that serotonindepleted participants were more likely to retaliate to offers perceived as unfair.
Prior research has suggested that serotonin exerts an inhibitory (stabilizing) influence on behavior such that an increased level of serotonin restrains, rather than facilitates, behavioral responding. Conversely, a decreased level of serotonin "disinhibits" or increases behavioral responding and impairs regulation of behavior (Manuck et al. 2003) . This stabilizing property of serotonin has been used to treat different disorders. For example, evidence linking serotonin to compulsive buying behavior has been established by researchers who, through selective serotonin reuptake inhibitors (drugs that block the reabsorption or reuptake of serotonin by certain nerve cells in the brain), increased the level of serotonin and showed diminished compulsive buying behavior (Black, Monahan, and Gabel 1997) .
Conceptualization
Consumer researchers have defined consumer impulsivity as experiencing a sudden and unplanned urge that is immediately gratifying or acting on an impulse without careful deliberation of the negative or long-term consequences (Sengupta and Zhou 2007) . Impulsive behavior can manifest, for example, when a person spontaneously decides to buy an expensive dress, which is clearly beyond that person's budget (e.g., Puri 1996) . Impulsive consumers tend to be more deal-prone and find it difficult to resist the urge to buy products or services available on promotions (Lichtenstein, Burton, and Netemeyer 1997; Rook and Hoch 1985) . Research on the role of serotonin in human behavior has demonstrated that serotonin has the ability to modulate or stabilize impulsive behavior (Manuck et al. 2003) , and research in consumer behavior has shown that consumers are likely to choose impulsively on the basis of contextual factors (e.g., a discounted product) or personality traits (Lichtenstein, Burton, and Netemeyer 1997; Puri 1996) .
On the basis of these definitions, we measured impulsivity through two dependent variables-one that captures people's inability to withhold responses and one that propels them to act on instantaneous urges. The first dependent variable, impulsive choice, is an immediate need to acquire an object without much deliberation on the consequences of such a product choice. The second dependent variable, impulsive responding, is the inability to restrain a response. We operationalized impulsive choice in two ways: impulsive product choice and choice for layaway financing. Consider a consumer presented with a discounted product. This consumer must choose between acquiring the product immediately and enjoying its consumption or holding on to his or her monetary resources (saving money) for future needs (Prelec and Loewenstein 1998) . Similarly, layaway is a way to purchase a product by paying in installments and being able to take the product home only when all the installments are paid. Unlike a credit card, it gives people the opportunity to buy only the products they can actually afford and avoid excessive credit card debt. Therefore, both measures present a trade-off between the immediate gratification of product consumption (impulsive choice) and the long-term benefits of greater, saved monetary resources (cau-1 Manuck and colleagues (2003) explain the influence of the serotonergic system on behavior in the following manner: The neurons of the serotonergic system originate in the brain stem called the raphe nuclei and then project to several areas of the brain, such as the subcortical structures (e.g., basal ganglia, thalamus, hypothalamus, hippocampus, septum) and much of the cerebral cortex (e.g., the prefrontal cortex). When serotonin is released from an axon (a structure extending from a neuron that transfers information to other neurons), its effects are mediated by one of several serotonin receptors. To understand the influence of serotonin on behavior, it is important to know that the axons of the serotonergic system branch extensively through various parts of the brain. This branching permits the near-simultaneous stimulation of serotonin receptors at multiple areas of the brain. Serotonin functions by modulating the responses evoked by other neurotransmitters in the many areas that it is activated, thus exerting a stabilizing (inhibitory) influence on behavior. tious behavior). We posit that consumption of tryptophanrich food, which promotes serotonin synthesis, can make a person less impulsive, which in turn may influence impulsive choice. More specifically, we hypothesize the following:
The consumption of food rich (not rich) in tryptophan will lead consumers to display less (more) impulsive choice.
We test this hypothesis in Studies 1 (using product choice) and 2 (using financing choice). Recent findings have suggested that personality traits have the potential to moderate serotonin's influence on behavior (Evers et al. 2006) . Similarly, the study of impulsivity in consumer research has long recognized, along with contextual influences on impulsive behavior, the importance of treating impulsivity as a personality trait (Puri 1996) . Given that the role of serotonin is to modulate (stabilize) impulsive behavior, we predict that less dispositionally impulsive respondents (low-impulsives) will be less likely to be influenced by the intake of tryptophan-rich food. However, more dispositionally impulsive respondents (high-impulsives) provide a greater scope for serotonin to inhibit their behavior. Thus, for this latter group, we are more likely to observe serotonin's influence on their impulsivity. Specifically, we posit that dispositional impulsivity moderates the influence of serotonin on impulsive choice. Formally, H 2a : High-impulsives who consume tryptophan-rich food will be less willing to buy a product on discount than those who consume a non-tryptophan-rich food. H 2b : Low-impulsives impulsive respondents' willingness to buy products available on discount will not be significantly influenced by the consumption of tryptophan-rich versus non-tryptophan-rich food.
We test H 2a and H 2b in Study 1.
Research suggests that impulsive people focus more on rewards than on punishments because their reward-seeking centers are more activated than those of other people (McClure et al. 2007; Tanaka et al. 2004) . Although impulsivity can be multidimensional, research suggests that impulsivity is strongly associated with impaired inhibition or impulsive responding (the inability to stop a dominant response) (Perry and Carroll 2008) . Given that impulsive people tend to lack the ability to inhibit a response, we present our third hypothesis and test it in Study 2 using Newman, Widom, and Nathan's (1985) go/no-go task:
Participants who consume a tryptophan-rich food will be better at inhibiting impulsive responding than those who consume a non-tryptophan-rich food.
STUDY 1
The influence of serotonin can be studied in two ways: by depletion or by enhancement (Riedal et al. 1999; Rogers et al. 2003) . We adopted the process of enhancement. The process of serotonin enhancement through synthesis from tryptophan-rich food is intricate. Although certain foods, such as turkey, are considered good sources of tryptophan, the enhanced levels of serotonin can be scientifically attributed not just to the intake of such foods but also to the simultaneous intake of carbohydrate-rich foods. Tryptophan, the amino acid that synthesizes serotonin, must compete with other amino acids for release into the bloodstream and, from there, to the brain. Carbohydrates have the capacity to enhance the relative concentration of tryptophan by lowering the concentration of other amino acids (Fernstrom and Fernstrom 1995; Wurtman et al. 2003) . Keeping in mind this intricate process and our objective to test the hypotheses in a naturalistic setting, we decided to conduct our first study during the Thanksgiving holiday.
Two factors converge on Thanksgiving to create a unique opportunity for this research. First, during traditional Thanksgiving dinners, people typically consume foods rich in tryptophan (e.g., turkey) and carbohydrates (e.g., mashed potatoes), thus providing an ideal environment for enhanced synthesis of serotonin. Second, the Thanksgiving holiday weekend has become famous for retailers offering sales and deep discounts-the Friday after Thanksgiving day has come to be known as "Black Friday." It is not uncommon to find people lining up overnight outside retail stores to buy products available on discount. Retailers rely on the heavy traffic inside the store to promote impulse purchases. Therefore, Black Friday sales gave us a natural context in which to ask participants about their willingness to buy discounted products.
The main objective of Study 1 was to test H 1 , H 2a , and H 2b . In this study, we wanted to investigate how the consumption of a tryptophan-rich meal made consumers less willing to buy products on deep discounts (impulsive choice) and how this willingness was moderated by dispositional impulsivity. Hereinafter, we refer to the traditional Thanksgiving dinner with turkey consumption (a tryptophanrich meal) as the experimental condition and the dinner without turkey consumption as the control condition (a nontryptophan-rich meal). We conducted a pretest with a separate group of 30 participants to identify the products that participants were most likely to consider for purchase on Black Friday. On the basis of participants' responses, we chose the most preferred product for use in Study 1.
We measured dispositional impulsivity using an impulsivity scale (see the Appendix). We used a scale to capture impulsivity related to product purchase, which we adopted from prior research (Puri 1996) . In H 2a and H 2b , we predict that high-impulsives in the experimental condition will make less impulsive choices than high-impulsives in the control condition. However, we do not expect to observe a significant difference in impulsive choice between lowimpulsives in the experimental condition and those in the control condition.
It could be argued that the observed differences in impulsive choice between the experimental and control condition participants were not due to serotonin differences but rather to differences in mood states. This alternative account would suggest that participants who did not consume the traditional Thanksgiving dinner were not as happy as those who did, and to repair their mood, they were more willing to buy products. Therefore, the second objective of Study 1 was to test the mood-based account. To ensure that there were no differences in mood across the experimental and control condition participants, we administered the Positive Affect Negative Affect Schedule (PANAS; Watson, Clark, and Tellegan 1988) .
The final objective of Study 1 was to test for the argument that motivation to shop (or not shop) the next day during the Black Friday sales could influence participants' willingness to buy products at a discount. Therefore, we measured participants' intention to shop the next day.
Method
One hundred seventy participants (66.8% were men, 44.5% were married, 90.1% were employed) took part in the study to earn partial course credit. Participants were informed that the study would be available online between 7 P.M. and 11 P.M. on Thanksgiving evening. They could complete the study from any location during those times. Participants completed several unrelated filler questionnaires that took approximately 15 minutes. Participants were shown the following description and asked how willing they would be to buy the product on a seven-point scale (1 = "unlikely," and 7 = "very likely"): "Dell is offering its Home Inspiron B130 with Intel M 1.60GHz, 15.4" WXGA, 1GB RAM, 60GB, DVD Burner, 802.11b/g. You can get the whole package for just $499.00 + Free Shipping + FREE Printer if you order now!" The filler task contained the impulsivity scale and the PANAS mood scale.
Finally, we collected demographic information and asked participants whether they had eaten dinner, what they had eaten, and whether they intended to go shopping the next day. These final questions helped us divide participants into the experimental and control groups. We assigned participants who had consumed a traditional Thanksgiving dinner with turkey to the experimental condition (n = 113), and we assigned those who had consumed dinner, but not the traditional Thanksgiving dinner, to the control condition (n = 57). The demographic profile was similar across the experimental and control conditions. People who did not consume a traditional Thanksgiving dinner had consumed one of the following: pizza, quesadilla, lasagna, pasta, burrito, salmon, or noodles. We created this division to ensure that all other variables (e.g., Thanksgiving evening, dinner consumption, next-day sales) remained the same even for participants in the control condition. In our analysis, we used the responses of only the participants who had not consumed alcohol. We did this because alcohol's detrimental influence on decision making has been documented in the form of alcohol myopia theory, which describes shortsighted information processing as resulting from attending mainly to the most salient and proximal environmental cues (Steele and Josephs 1990) . Such shortsighted processing occurs as a result of (1) alcohol intoxication restricting the range of cues that a person can perceive in a situation and (2) reduction of the ability to process and extract meaning from the cues and information that a person does perceive. Because of such impaired information processing, long-term goals and abstract concepts become elusive. This leads people to value present pleasures more at the expense of future harms, manifesting in various risky behaviors ranging from aggression to risky sexual behavior to unrestrained eating (Cooper 2002; Hofmann, Friese, and Strack 2009) . Taking these consequences of alcohol consumption on decision making into account, we used the responses of only the participants who had not consumed alcohol.
Results and Discussion
PANAS.
We averaged participants' responses to a 20-item PANAS mood scale and analyzed them across the experimental and control conditions. The analysis revealed no significant difference across these two groups (M experimental = 2.08 versus M control = 2.0; F(1, 168) = 1.09, p = .29), indicating that participants' mood states did not differ across the experimental and control conditions. 2 Impulsive choice. We averaged the impulsivity scale items to form a single index (Cronbach's a = .72). We subjected willingness to buy the laptop to a between-subjects analysis of variance across conditions (experimental versus control) and impulsivity. This analysis controlled for participants' intentions to shop the next day. The analysis yielded a significant main effect of condition (F(1, 165) = 5.45, p < .02). This emerged because participants in the experimental condition were less willing to buy the computer offered at a deep discount (M = 3.96) than those in the control condition (M = 4.63), thus providing support for H 1 . This main effect was qualified by a condition ¥ impulsivity interaction (F(1, 165) = 4.22, p < .04).
For ease of representation, a median split on the impulsivity index divided participants into two groups: highimpulsives (n = 83) and low-impulsives (n = 88). Using impulsivity as a dichotomous variable and controlling for intentions to shop the next day also yielded a significant condition ¥ impulsivity interaction (F(1, 165) = 4.5, p < .03). Decomposition of this interaction showed that highly impulsive participants in the experimental condition were less willing to buy the laptop (M = 3.79) than those in the control condition (M = 5.32; F(1, 165) = 8.75, p < .003), thus providing support for H 2a . However, for less impulsive participants, there was no difference in willingness to buy the laptop across the experimental and control conditions (M = 4.25 versus 4.34; F < .1, p > .82), thus providing support for H 2b .
In Study 1, participants in the experimental condition showed a lower willingness to buy the product that was available on a deep discount (impulsive choice) than the control condition participants. This study also demonstrated moderation by dispositional impulsivity and addressed the alternative, mood-based explanation. The study used the naturally occurring setting of Thanksgiving and subsequent Black Friday sales to study the influence of serotonin on consumer deal-proneness. However, because the data were collected in a naturalistic but uncontrolled environment, Study 1 was subject to some limitations. First, participants were not randomly assigned to the experimental and control condition but became part of one or the other condition according to the type of food they consumed. Second, because the participants in the control condition consumed several types of food, we did not have an exact idea of how these food items were influencing the dependent variable. In addition, we did not know the exact quantity of turkey that participants in the experimental condition consumed. We could only assume that it might have been more than usual because it was Thanksgiving dinner. Third, impulsive people may be susceptible to products that are available at deep discounts, but it could be argued that such deal-proneness may not always reflect impulsivity. It is possible that impulsivity causes willingness to purchase discounted products; however, it is not necessary that the converse behavior hold truethat is, a preference for discounted products may not always reflect increased impulsivity. Therefore, to address these concerns, we conducted a study in a controlled lab setting.
STUDY 2
The main purpose of Study 2 was to replicate the findings of Study 1 in a more controlled setting to address its limitations. The first limitation of Study 1 pertained to a lack of random assignment. Therefore, in Study 2, we randomly assigned participants to two conditions-the experimental (tryptophan-rich) and control (non-tryptophan-rich) conditions. The second concern was that participants in Study 1 consumed different types of food in the control condition and that the quantity consumed was different across the control and experimental conditions. To address this concern, we provided all participants with the same quantity of a flavored beverage. The beverage in the experimental condition contained tryptophan, which is used to synthesize serotonin. The control condition beverage did not contain tryptophan. 3 A third concern was that impulsive choice as measured through consumer's willingness to buy products at deep discounts may not always reflect impulsivity. To alleviate this concern, we used two types of dependent variables-one that mapped onto impulsive responding and one that mapped onto impulsive choice. The go/no-go task helped us measure impulsive responding (Newman, Widom, and Nathan 1985; Yechiam et al. 2006) , and a layaway paradigm helped us measure impulsive choice.
Method
Fifty-four participants took part in the study to earn partial course credit. Following the procedure used in prior research, we requested that participants come to the study session in the morning without having consumed any food or beverage. When participants arrived at 7:30 A.M. after fasting overnight, we informed them that the study would be divided into two phases. In the first phase, we would offer them a beverage to drink. The cover story was that a new trend is emerging in which people are consuming only beverages (e.g., protein or energy drinks) for breakfast, and the next meal they consume is lunch. Therefore, we were interested in studying how consuming only a breakfast beverage and nothing else for the next few hours influences people's decision-making ability. One participant refused to drink the beverage and was not included in the data analysis.
We randomly assigned participants to the control (n = 26) or the experimental (n = 27) condition. In the experimental condition, participants received a chocolate-flavored, milkbased protein shake that contained 650 milligrams of tryptophan in each serving. 4 Control condition participants received a chocolate-flavored milkshake that did not contain tryptophan. In both conditions, participants received 8 ounces of the beverage. We provided participants with information about all the ingredients in the drink, and they were free to refuse the drink if they wanted to do so. After participants consumed the drink, we requested them to return to the same room after two and a half hours to complete the second phase of the study. We asked them not to consume any food or beverages in the interval. All participants received a unique participant number, which helped us track whether they were in the control or experimental condition. After participants left the room, we also checked the empty cups to ensure that participants had consumed the entire beverage. No participants left a measurable quantity of the beverage in the cup. When participants returned for the second phase of the study, they completed the computer-based tasks-namely the go/no-go and layaway tasks.
Go/no-go task. The go/no-go task was based on Newman, Widom, and Nathan's (1985) measure of impulsive responding. In the go/no-go task, participants saw eight numbers on their computer screen, four of which were designated as "good" numbers and four of which were designated as "bad" numbers. The good numbers were 78, 33, 42, and 57, and the bad numbers were 44, 81, 26, and 65. Participants were told that whenever they saw a good number, they should press "Y" on the keyboard, and whenever they saw a bad number, they should withhold their response. Each correct response earned participants $1; each incorrect response caused participants to lose $1. After the practice session, each participant went through 20 trials. In each trial, a number appeared on the computer screen and stayed there for 2.5 seconds. Good and bad numbers appeared randomly on the screen. In total, participants saw ten good and ten bad numbers. Participants received feedback after each response on whether they had made a correct or incorrect response. In summary, a correct response was pressing "Y" for a good number and withholding their response for a bad number. An incorrect response was pressing "Y" for a bad number (commission error-failure to inhibit a response to a bad number) and withholding response for a good number (omission error-failure to respond to a good number). We selected two participants through a lottery method to receive the amount they earned on the go/no-go task. We did this to ensure that the task had real payoffs.
The analysis of omission and commission errors differentiates two types of people-those who have too little behavioral inhibition (more likely to commit commission errors) and those who have too much behavioral inhibition (more likely to commit omission errors). Prior research has demonstrated that impulsive people are more likely to commit commission errors but are similar to others in committing omission errors (Yechiam et al. 2006) . The computer program recorded three different dependent variables for the go/no-go task. First, it recorded two types of errors: commission errors and omission errors. Second, the computer recorded the time participants took to respond to each number that flashed on the screen. The response time served as another measure of impulsivity. We expected that participants who were unsuccessful in inhibiting their response to bad numbers (i.e., those who committed commission errors) would display shorter response times than those who were successful because the correct response to a bad number is to do nothing and wait for the next number to appear. Third, we measured the money participants earned; again, they earned $1 for each correct response and lost $1 for each incorrect response. The total amount of money earned was the number of correct responses less the number of incorrect responses. The maxi-mum amount of money a participant could earn was $20 ($10 if they avoided commission errors and $10 if they avoided omission errors).
Layaway. To measure impulsive choice, we used the layaway paradigm. Layaway is a way to purchase an item without paying the entire cost at one time. However, rather than taking the item home and then repaying the debt with interest on a regular schedule, as in most installment plans or hire purchases, the layaway customer does not receive the item until completely paying for it. The main advantage of a layaway is that a person can buy what he or she can actually afford and avoid excessive credit card debt. In some instances, if a person decides that he or she cannot afford to make the remaining payments, he or she can get all previous payments back. Therefore, in this task, we gave participants a choice of acquiring a product immediately but paying higher credit card interest later (immediate gratification) or acquiring the product after a delay by paying in installments and avoiding interest payments (delaying gratification). We expected that participants consuming a tryptophan-rich beverage would demonstrate reduced impulsive choice and would prefer the layaway option, compared with participants in the control condition.
We asked participants to imagine that they were contemplating buying a 42-inch LCD television. They had decided on the model and now were considering two types of payment options. The payment options were described as follows: "Option A: You can buy and take home the television with you right now by paying $1,000 using your credit card. Your credit card charges 18% APR. Option B: You can choose the television and the store will hold it for you. You pay the price of $1,000, interest free, in 3 installments of $333.33 each month for 3 months. At the end of 3 months you can take home the television." The dependent variable for the layaway paradigm was a bipolar nine-point scale with 1 reflecting a preference for Option A, 5 reflecting indifference, and 9 reflecting a preference for Option B. We counterbalanced the options such that, at times, Option A was the layaway option, and at other times, Option B was the layaway option. After participants completed the tasks, they received snacks.
Results and Discussion
For the go/no-go task, participants saw either a good number or a bad number on each trial. There was a total of 20 trials, evenly and randomly distributed across good and bad numbers. That is, there were 10 trials of good numbers and 10 trials of bad numbers. The analysis of a participant's responses to 10 good numbers helped us calculate omission errors (analysis of participants' performance when good numbers appeared), and a participant's responses to 10 bad numbers helped us calculate commission errors (analysis of participants' performance when bad numbers appeared). Following the procedure used in prior research to analyze go/no-go data, we ran two separate analyses categorized under commission errors and omission errors (Nomura et al. 2006) . The errors of commission captured impulsive responding.
Go/No-Go Task: Commission Errors
Error analysis. We added participants' errors across the ten trials (when bad numbers appeared on the screen) for the analysis. The dependent variable was the percentage of errors made. An analysis of variance showed that participants in the experimental condition made fewer commission errors (M = 6.66%) than those in the control condition (M = 18.07%; F(1, 51) = 3.93, p < .05). 5 This shows that in the trials that required them to withhold a response, participants in the experimental condition were better than participants in the control condition (in support of H 3 ).
Money earned. Analysis of variance showed that across ten trials, participants in the experimental condition earned more money (M = $8.66) than participants in the control condition (M = $6.38; F(1, 51) = 3.93, p < .05). Because earning more money reflected fewer incorrect responses, we again observe that participants in the experimental condition earned more money because they were able to withhold their responses more successfully than those in the control condition.
Response time. We averaged participants' response times across ten trials for the analysis. Analysis of variance showed that participants in the experimental condition displayed longer response times (M = 2.41 seconds) than participants in the control condition (M = 2.24 seconds; F(1, 51) = 5.06, p < .02). Recall that the correct response on seeing a bad number is to do nothing and wait until the number disappears from the screen after 2.5 seconds. Participants in the experimental condition were better at withholding their responses and therefore were less impulsive. In summary, the analysis of these three dependent variables for commission errors showed that experimental condition participants were less impulsive than those in the control condition.
Go/No-Go Task: Omission Errors
Because avoiding an omission error reflected participants' ability to make a response (rather than withhold one), participants in both conditions did equally well. There were no significant differences between participants assigned to the experimental and control conditions on the number of errors, money earned, and response time. Specifically, the following results occurred when good numbers appeared on the screen across the ten trials:
•Error analysis. Omission errors made by participants in the experimental (M = 10.37%) and the control (M = 14.61%) conditions were not significantly different (F(1, 51) = .65, p > .42). 6 •Money earned. Participants earned similar amounts of money in the experimental (M = $7.92) and the control (M = $7.07) conditions (F(1, 51) = .65, p > .42).
•Response time. There was no significant difference in response time across the experimental (M = 1.03 seconds) and the control (M = 1.09 seconds) conditions (F(1, 51) = .26, p > .61).
Layaway Financing
We recoded the responses to the nine-point bipolar scale such that 1 reflected a preference for Option A (credit card: immediate gratification) and 9 reflected a preference for Option B (layaway: delayed gratification). The results indicated that participants in the experimental condition were more inclined toward the layaway option (M = 7.52) than participants in the control condition (M = 6.25; F(1, 51) = 4.3, p < .04). This shows that participants in the experimental condition were able to delay gratification and demonstrated less impulsive choice than participants in the control condition, providing further support for H 1 .
The results of Study 2 showed that in a controlled lab setting, participants in the experimental condition demonstrated less impulsivity than those in the control condition for both the go/no-go and the layaway tasks. The participants in both conditions followed identical procedures, the only difference being whether they consumed a tryptophanrich beverage. Therefore, Study 2 accounts for the limitations of Study 1-namely, random assignment, information about the exact quantity consumed, and dependent measures that map onto impulsivity.
GENERAL DISCUSSION
This research examines the neurotransmitter serotonin and helps provide further understanding of the different aspects of impulsive consumer behavior. We focused on impulsive choice and responding and demonstrated that increasing the level of serotonin decreases impulsive behavior. In a naturalistic environment, Study 1 provided support for the role of serotonin in the proposed effect by showing that dispositional impulsivity moderates the influence of serotonin on impulsive choice. The influence of serotonin was greater on high-impulsives than on low-impulsives. This study also helped rule out the mood-based account. We conducted Study 2 to corroborate the findings of Study 1 with findings from a controlled lab setting and to account for Study 1's limitations. This study demonstrated that a higher level of serotonin helps participants perform better on the go/no-go task and contributes to their preference for the less impulsive layaway option because they can better restrain their impulsive reactions. Therefore, we demonstrated across both a naturally occurring and a controlled study that serotonin has the ability to reduce impulsive consumer choice and impulsive responding.
The findings of this article differ from prior research that has demonstrated the link between serotonin and impulsive behavior. First, the influence of serotonin has been explored in diverse psychopathologies, including suicide (considered the ultimate form of impulsive behavior), substance abuse, aggressive behavior, gambling, and depression. We focus on an impulsive behavior that is pertinent to consumersnamely, the impulsive choice of products. By studying the influence of serotonin on impulsive choice, we demonstrate that serotonin has the capacity to influence a behavior that consumers engage in regularly. Second, previous research on serotonin has focused on enhancing or depleting serotonin levels among participants in a controlled setting by providing participants with amino acid drinks with enhanced levels of tryptophan. Our study procedures are different because they demonstrate that the consumption of everyday foods rich in tryptophan, such as turkey or protein drinks, can influence subsequent choices. In the following subsections, we discuss the theoretical and practical implications of our findings and provide limitations and directions for further research.
Theoretical Implications
Until recently, the brain had been considered a mysterious black box that dictates people's actions but about which there is very limited information. Neuroscience is considered the key that has opened up the black box and provided insights into the functions of the brain. Consumer behavior research has also delved into the intricacies of brain functions to understand consumer decisions in the marketplace (Shiv 2007; Yoon, Gonzalez, and Bettman 2009) . Our findings add to this field by demonstrating the role of increased levels of serotonin in the brain on consumer impulsivity.
Research on nonconscious influences has demonstrated that several external cues in the environment trigger consumer behavior without the consumer being aware of the triggers. For example, the type of music played in a store (North, Hargreaves, and McKendrick 1997) , brand exposure (Fitzsimons, Chartrand, and Fitzsimons 2008) , and the salient behavior of others (Dijksterhuis and Bargh 2001) are some factors that can influence a person's preferences and behavior. In this work, we demonstrate that a physiological response to the type of food consumed can also influence behavior at a nonconscious level.
Classical economic theories propound the presence of stable and well-defined preferences. However, ample research findings provide evidence that a person's preferences are dependent on various contextual factors and elicitation methods (Dhar, Nowlis, and Sherman 2000; Mishra et al. 2007; Payne, Bettman, and Johnson 1993; Slovic 1995) . We add to this work by suggesting that the properties of the food consumed also have the potential to influence consumer behavior as a contextual variable.
Practical Implications
If this research can help people learn why they respond impulsively, they may be able to reduce their impulsive responding. For example, when researchers showed people that they are likely to buy more when they are hungry than when they are satiated (Nisbett and Kanouse 1969; Read and Van Leeuwen 1998) , these people were able to correct for their increased urge to buy when feeling hungry. Therefore, if people are made aware that serotonin from specific food types can reduce impulsive product choice and responding, they can use this information in their behavior modification strategies.
Limitations and Future Directions
A limitation of this work is that we confined it to studying the influence of a specific neurotransmitter, serotonin. Prior research has found that dopamine, another neurotransmitter, is also important in understanding people's rewardseeking behavior. Future studies could examine other aspects of consumer behavior and the influence of other neurotransmitters, such as dopamine, on consumer behavior. These studies could also observe the effects of other everyday foods that are reported to promote the synthesis of serotonin and how different foods are likely to have a greater or lesser impact on behavior. On a related note, another limitation of this research is that we did not actually draw blood to quantify participants' levels of serotonin. Even after consuming similar tryptophan-rich foods, people may synthesize serotonin at different rates. Therefore, further research could use blood draws to examine more precisely the influence of serotonin levels on consumers' impulsive behavior.
Not every impulsive behavior has a negative outcome. If we were to view impulsive responding as a System 1, or affective, response, we could argue that reduced impulsivity can also have negative consequences. First, there are times when instinctive reactions are beneficial to people; for example, people must react quickly to threatening cues. Reducing these instinctive responses can be harmful. Second, novelty-and variety-seeking tendencies are also related to impulsive responding, and reducing impulsivity can reduce these behaviors and eliminate a response that encourages general risk-taking or adventure motives. Third, reducing impulsivity can also reduce approach tendencies and increase caution or restraint. Human evolution is rife with instances when the species has progressed because of people's approach tendencies and willingness to take risks. Fourth, work on hyperopia suggests that cautious decisions in the present can lead to more regret later (Kivetz and Keinan 2006) . This is another example in support of responding impulsively-especially to hedonic choices. Therefore, it would be worthwhile to understand the influence of serotonin on impulsive behaviors that have positive outcomes.
APPENDIX: DISPOSITIONAL IMPULSIVITY SCALE
(STUDY 1) Read each of the following adjectives carefully and indicate how well they would describe you. Choose the response on the scale next to each adjective.
Numbers near 1 indicate that the adjective would USU-ALLY describe you.
Numbers near 4 indicate that it would SOMETIMES describe you.
Numbers near 7 indicate it would SELDOM describe you.
